Key words anticonvulsant activity; a-asarone; Acorus gramineus; seizure; animal model Epilepsy is a chronic neurological disorder characterized by unprovoked seizures that affects 0.5-1.0% of the population.
In traditional Chinese medicine, the roots and rhizomes of Acorus gramineus have been recommended for centuries for the treatment of human ailments, including central nervous system disorders such as convulsions and epilepsy, or in combination with other medical herbs for improvement of learning and memory. 5, 6) This herbal drug has been reported to be responsible for various pharmacological actions on the central nervous system. Aqueous and methanol extracts of Acorus gramineus have been shown to antagonize pentylenetetrazole (PTZ)-induced convulsion, potentiate pentobarbital-induced sleeping time, induce sedation, and decrease spontaneous activity in mice. 7, 8) In addition, the extracts of composite drugs containing Acorus gramineus as a main component are used for improvement of learning and memory and for stroke. 9, 10) However, the essential oil of Acorus gramineus has not been thoroughly evaluated. The rhizomes and leaves of Acorus gramineus are known to contain 0.11-0.42% of essential oil consisting of 30 kinds of compounds which may affect the central nervous system (CNS) after direct inhalation of its fragrance. 11, 12) To date, only a few papers have reported on the sedative or activating properties of some essential oils and their constituents in animals under standardized experimental procedures. [13] [14] [15] [16] However, the major components possessing the anticonvulsant effects are still poorly understood.
a-Asarone (trans-1-propenyl-2,4,5-trimethoxy-benzene) is the active principle of Acorus gramineus (for its structure, see Fig. 1 ). Many of the studies on the anticonvulsant activity of a-asarone yielded marginal effects. However, in these studies, a-asarone was acutely administered. 17) A recent study that examined twice daily essential oil inhalation for over 4 weeks found that chronically inhaled essential oil provided increased anticonvulsant activity in mice.
16) The present study investigated whether the anticonvulsant activity of a-asarone was dependent on chronic administration and determined whether single acute doses of a-asarone had anticonvulsant activity in the different experimental seizure models, including the maximal electroshock seizure (MES) test, subcutaneous pentylenetetrazol seizure (scPTZ) test, and lithium-pilocarpine (LI-PILO) model.
MATERIALS AND METHODS

Animals and Experimental Conditions
Male Swiss mice weighing 20-30 g, and male Wistar rats weighting 200-250 g, were used. The animals were kept under controlled environmental conditions (23± 2°C; 55± 20% humidity; 12 h light/dark cycle, lights on at 6:00 h) with free access to standard laboratory diet and tap water. Animals were allowed to acclimate to the laboratory environment for ≥5 d. All animal experiments were performed following approval of the Committee of Experimental Animal Administration of the University and were in accordance with the National Institutes of Health Guide for Care and Use of Laboratory Animals.
Materials a-Asarone (trans-1-propenyl-2,4,5-trimethoxybenzene) was purchased from Shengyang Aisheng Pharmaceutical Co., Ltd. (Shengyang, China). Diazepam was purchased from Hubei Pharmaceutical Factory (Hubei, China). Methylscopolamine-bromide, pentylenetrazol, lithium chloride, and pilocarpine nitrate were purchased from Sigma (U.S.A.). Valproic acid (VPA) (Hunan Xiangzhong Pharmaceutical Co., Ltd., China), Carbamazepine (CBZ) (Shanghai Sunve Pharmaceutical Co., Ltd., China) and Clonazepam (CNP) (Xuzhou Enhua Pharmaceutical Co., Ltd., China) were used as reference anticonvulsant drugs for comparison. VPA was dissolved in saline, while CBZ and CNP were suspended in saline. Three control AEDs were prepared each day as fresh solutions or suspensions and administered orally in a volume of 10 mL/ kg body weight.
Acute Toxicity Test The acute toxicity and lethality of a-asarone were determined in mice according to a modified method of Lorke. 18) Mice were randomly divided into 8 groups of 8 animals each for a total of 64 mice. Stepwise, graded doses of a-asarone (10, 20, 40, 100, 200 , 400, 1000 mg/ kg) were orally administered to the mice in each of the test groups. All mice in the control group were treated with normal saline only. The mice in both the test and control groups were then allowed free access to food and water, and observed over a period of 48 h for signs of acute toxicity. The number of deaths (caused by the a-asarone in each group) within this period of time was recorded. Log-dose response plots were constructed for a-asarone, from which the median lethal dose (LD 50 ) of a-asarone was calculated as the geometric mean of the highest nonlethal dose and the lowest lethal dose.
Evaluation of Adverse Effects of Chronic Treatment Mice were randomly divided into 4 groups of 8 animals each for a total of 32 mice. Groups of 8 mice were used per dosage (50, 100, 200 mg/kg/d) of a-asarone, administered twice daily for 28 d. The control group was treated with orally administered normal saline. Animals were observed at various times after oral administration for adverse effects. Appearance and overt behavior were recorded to determine any changes in the skin and fur, eyes and mucous membranes as well as any disturbances in the respiration, circulation, autonomic or central nervous systems and behavior patterns.
Evaluation of Anticonvulsant Property. Effects of Acute and Chronic Treatment with a-Asarone on MES Test in Mice Electroconvulsions were produced by an alternating current (0.20 s stimulus duration, 50 Hz, fixed current intensity of 25 mA, maximum stimulation voltage of 500 V) delivered via ear-clip electrodes by a rodent shocker generator (YSD-4G) (Shanghai Xinman Scientific and Educational Apparatus Co., Ltd., China). Tonic hind limb extension (hind limbs of animals outstretched 180° to the plain of the body axis) was taken as the endpoint. 19) In the acute administration test, mice were divided into 4 groups of 20 animals each for a total of 80 mice. In 3 groups, a single dose (50, 100, 200 mg/kg) of a-asarone was orally administered 60 min before the electroshock to quantify the anticonvulsant effect. The control group was treated with orally administered normal saline (10 mL/kg).
In the chronic administration test, mice were randomly divided into 5 groups of 20 animals each for a total of 100 mice. Five groups were treated with orally administered normal saline (as control), VPA (200 mg/kg/d as positive control) and a-asarone (50, 100, 200 mg/kg/day), twice daily, respectively, for 28 d. Seizures were induced at 60 min after the last administration, and the number of animals exhibiting tonic hind limb extension and mortality were recorded. Animals failing to show tonic hind limb extension were regarded as being protected.
Effects of Acute and Chronic Treatment with a-Asarone on scPTZ Test in Mice Pentylenetetrazol (PTZ) was administered subcutaneously at 85 mg/kg. 20) Animals were returned to their cages and observed for 60 min for the presence of seizures. The presence of clonic convulsion indicated successful establishment of the scPTZ model. 21) The onset of a general clonus was used as the endpoint. General clonus was characterized by forelimb clonus followed by full clonus. The time taken before the onset of clonic convulsions, the duration of clonic convulsions, and the incidence of seizure and mortality were recorded. Animals failing to show clonic seizure were scored as being protected. Animal grouping and treatment of the animals were the same as for the MES test.
In the acute administration test, the mice were given a single dose of a-asarone at the doses of 50, 100, or 200 mg/ kg, 60 min before the administration of PTZ (85 mg/kg). The control group was orally administered normal saline (10 mL/ kg) 60 min before the administration of PTZ (85 mg/kg).
In the chronic administration test, 5 groups were treated with orally administered normal saline (as control), CNP (2 mg/kg/d as positive control) and a-asarone (50, 100, 200 mg/ kg/d), twice daily, respectively, for 28 d. Seizures were induced at 60 min after the last administration.
Effects of Acute Treatment with a-Asarone on LI-PILO Induced Status Epilepticus (SE) in Rats Lithium plus pilocarpine combinations were used to induce SE, because pretreatment of rats with lithium chloride allows the dose of pilocarpine to be decreased, resulting in a lower mortality and higher percentage of animals exhibiting SE. 22) Lithium chloride was injected at 3 mEq/kg (125 mg/kg) intraperitoneally (i.p.), 18-24 h before the administration of pilocarpine. Furthermore, rats were first injected with methylscopolaminebromide (1 mg/kg, i.p.), to prevent the peripheral cholinomimetic effects of pilocarpine. 23) Pilocarpine (40 mg/kg, i.p.) was administered at 30 min after methylscopolamine treatment. Animals were divided into 5 groups of 20 rats each for a total of 100 rats. Five groups were treated with orally administered normal saline (as control), CBZ (200 mg/kg/d as positive control) and a-asarone (50, 100, 200 mg/kg/d), respectively, 60 min before receiving pilocarpine (40 mg/kg). Approximately 30 min after pilocarpine treatment, the rats began to manifest motor seizures. Seizure severity was scored according to a modified Racine scale, and only motor seizures were scored. 24) Seizures were graded as follows: class III, rats displayed forelimb clonus with a lordotic posture; class IV, rats reared with a concomitant forelimb clonus; class V, rats had the characteristics of class IV and fell down. 25) After pilocarpine injection, the animals were placed back into their plastic cages and observed in isolation for at least 3 h. All motor seizures as well as behaviors were recorded. The incidence and onset of the motor SE, severity of seizures, and mortality were recorded. One hour after continuous motor SE, diazepam was administered (10 mg/kg, i.p.) to reduce the otherwise high mortality rate in this period. Two to three days after SE onset, the rats were fed a mixture of sweetened milk ≥3 times/d.
Effects of Chronic Treatment with a-Asarone on LI-PILO Induced Spontaneous Recurrent Seizures (SRSs) in
Rats Twenty-four hours after SE, the rats were divided into 5 groups of 20 rats each for a total of 100 rats. Animal grouping and treatment were the same as for the MES test. CBZ (200 mg/kg/d) was used as a positive control. Animal behavior was video-monitored (12 h/d) during treatment and for 28 d. The parameters analyzed were (a) the onset of the first spontaneous seizure, (b) incidence of seizures, (c) frequency, and (d) severity of seizures. 26) SRSs in these animals were scored according to Racine. 24) Animals failing to show class III-V seizures were regarded as being protected.
Statistical Analysis The results were expressed as the mean± S.E.M. values. All statistical analyses were performed using SPSS11.0 software for Windows. Differences in the seizure rate and mortality rate were assessed by the χ 2 test. Statistically significant differences between the vehicle and a-asarone treatment groups were assessed by analysis of variance (ANOVA) followed by Dunnett's multiple comparison test. The rank sum test was used to analyze non-parametric data. Probability values of less than 0.05 (p<0.05) were considered to be statistically significant.
RESULTS
Lethality (LD 50 ) of a-Asarone The acute toxicity test
showed that oral administration of a-asarone was non-toxic up to a dose of 1000 mg/kg and did not cause any death in the test groups. The oral LD 50 of a-asarone in mice was therefore greater than 1000 mg/kg.
Adverse Effects of Chronic Treatment with a-Asarone For mice treated with graded doses of a-asarone (50, 100 mg/ kg), no overt behavioral changes were observed. For example, it did not induce any significant changes in the walking, rearing and grooming behaviors of mice. In addition, no sedation or loss of righting reflex was evident. At a higher dose (200 mg/kg), a-asarone then exerted a slightly sedative and tranquillizing action 20.3± 3.8 d after treatment. Locomotor analysis performed after the oral administration of a-asarone (200 mg/kg) showed a slight decrease in spontaneous movement (25.6± 14.2%) as compared to the vehicle treated group (10.3± 6.8%). Our results suggest that a-asarone is relatively safe in mice.
Effects of Chronic Treatment with a-Asarone in MES Test All animals receiving vehicle showed tonic hind limb extension after electrical stimulation (Table 1) (Table 1) . a-Asarone and VPA (200 mg/ kg) significantly decreased the incidence of tonic hind limb extension and mortality induced by electroshock.
Effects of Acute Treatment with a-Asarone in MES Test
All the mice treated with vehicle suffered seizures when submitted to the MES test (Table 2 ). There was no difference between abolishment of hind limb tonic extension and death in the mice treated orally with 50, 100, or 200 mg/ kg a-asarone (Table 2) . Therefore, these results indicate that a single acute administration of a-asarone had only a moderate effect on MES-induced seizures and death. Single acute administration of a-asarone had weak anticonvulsant activity on MES-induced seizures. No significant difference was observed among these treatments.
Effects of Chronic Treatment with a-Asarone on PTZInduced Seizures All animals (n=20) treated with 85 mg/kg PTZ (treated with vehicle) had generalized seizures (Fig. 2A) . The onset time of seizure was 237± 44 s (Fig. 2C) . Chronic , Fig. 2B ). Chronic treatment with a-asarone at doses of 50, 100, and 200 mg/kg significantly increased the latency of seizure (348± 57 s for 50 mg/kg, 402± 69 s for 100 mg/ kg, and 422± 78 s for 200 mg/kg) compared to the vehicle treated group (237± 44 s) (Fig. 2C ). An ANOVA performed on the seizure latency revealed a significant group difference [F=4.952, p<0.01]. Chronic treatment with a-asarone significantly decreased the duration of seizures in a dose-dependent manner, and this effect was observed at all doses tested (31.8± 2.2 s for 50 mg/kg, 23.5± 1.9 s for 100 mg/kg, 11.4± 1.6 s for 200 mg/kg) as compared to the vehicle treated group (42.4± 2.3 s) (Fig. 2D ). An ANOVA performed on seizure duration revealed a significant group difference [F=5.562, p<0.01]. CNP (2 mg/kg), the positive control, significantly increased the seizure latency, decreased the seizure duration, and prevented the death of animals when compared to vehicletreated animals (p<0.01).
Effects of Acute Treatment with a-Asarone on PTZInduced Seizures
In the control mice, subcutaneous PTZ (85 mg/kg) consistently induced clonic seizures followed by tonic seizures and death (Table 3) . Oral administration of aasarone to mice at 50 mg/kg to 200 mg/kg did not prevent the occurrence of clonic seizures, tonic seizures, or death (Table  3) . There was no difference between the number of animals that convulsed with any of the acute doses of a-asarone: 100% (Table 3 ). These results indicated that a single acute administration of a-asarone had only a moderate effect on PTZ-induced seizures and death. Single acute administration of a-asarone had weak anticonvulsant activity on PTZ-induced seizures.
Effects of Acute Treatment with a-Asarone on LI-PILO
Induced SE Administration of 40 mg/kg pilocarpine (n=20) at 18-24 h after injection of 125 mg/kg lithium chloride caused SE in 95% (19/20) of the animals in the saline group (treated with vehicle) (Fig. 3A) . Pretreatment with a-asarone orally at a dose of 50, 100, or 200 mg/kg significantly decreased the occurrence of pilocarpine-induced SE in 80% (16/20) , 60% (12/20) , and 50% (10/20) of tested animals, respectively, compared to 95% (19/20) in the vehicle treated group and 40% (8/20) in the CBZ treated group (Fig. 3A) . In the remaining rats in which continuous seizures were not suppressed, a-asarone pretreatment significantly delayed the onset of SE; this effect was observed at all doses tested (25.37± 4.60 min for 50 mg/kg, 31.20± 5.42 min for 100 mg/kg, 36.42± 8.14 min for 200 mg/kg) as compared to the vehicle treated group (21.50± 6.69 min) and CBZ treated group (41.18± 7.65 min) (Fig. 3C ). (Fig. 3B) . Pretreatment with a-asarone also significantly reduced the severity of pilocarpine-induced seizures; this effect was observed at all doses tested, 50 mg/kg (3.38± 1.63), 100 mg/kg (2.44± 1.16), and 200 mg/kg (2.16± 0.74) compared to the vehicle treated group (4.12± 0.35) and CBZ treated group (2.04± 0.66) (Fig.  3D ). An ANOVA performed on the seizure severity revealed a significant group difference [F=11.396, p<0.01]. The SE incidence, SE latency, and seizure severity as well as mortality were significantly reduced after treatment with a-asarone at different doses.
Effects of Chronic Treatment with a-Asarone on LI-PILO Induced SRSs All the rats (100%) studied until the chronic phase developed SRS with a latency of 15.8± 2.5 d in the vehicle treated group (Fig. 4B) . The incidence of SRSs during treatment was 75-95% in the 50-200 mg/kg a-asarone treated group and 70% in the CBZ-treated group (Fig. 4A) (Fig. 4B ). An (Fig. 4C ). An ANOVA performed on the seizure severity revealed a significant group difference [F=9.286, p<0.05]. Seizure frequency was 14.26± 5.16 during saline treatment, 14.12± 4.98, 13.24± 4.56, and 10.28± 4.36 during 50-100 mg/kg a-asarone treatment, and 9.45± 3.22 during CBZ treatment (Fig. 4D ). An ANOVA performed on the seizure frequency revealed a significant group difference [F=6.615, p<0.05]. Higher doses of a-asarone (100-200 mg/kg) reduced the incidence of spontaneous recurrent seizures, seizure severity, and seizure frequency during treatment. DISCUSSION a-Asarone is a major essential oil component in rhizomes of Acorus gramineus, a traditional medicinal plant utilized in China to treat psychiatric disorders, narcosis and chronic tracheitis. a-Asarone has attracted widespread interest recently for its use as a potential antithrombotic, antimicrobial, insecticidal, nematicidal and antifeedant agent. 27) In addition, animal studies have demonstrated various pharmacological characteristics of a-asarone in the nervous system, such as an anticonvulsive action 28) or sedative and hypothermic effects. 29, 30) Moreover, Hu et al. found that a-asarone at a dose of 48 mg/kg intraperitoneally (i.p.) produced a significant decrease in locomotor activity and prolonged the pentobarbital sleeping time significantly in mice. 31) Taking into consideration the pharmacological profile of a-asarone, the present study focused on the anticonvulsant effects of chronic treatment with a-asarone.
The data obtained in the present study demonstrate that chronic treatment with a-asarone has a significant anticonvulsant effect on MES and PTZ and lithium-pilocarpine induced seizures. The present results suggest that the anticonvulsant effects of a-asarone are only observed after continuous daily oral administration of a-asarone (for at least 4 weeks). This confirms the previous findings that chronic preinhalation of an essential oil can reduce seizure severity in the PTZ mouse model. 16) The lack of an effect of acutely administered aasarone on seizure activity also demonstrates that a-asarone may not directly modify seizure activity. It appears that aasarone would not be a priori able to control acute seizures in epilepsy.
The MES is a model for generalized tonic-clonic seizures. It is highly reproducible with consistent endpoints. The behavioral and electrographic seizures generated in this model are consistent with the human disorder. 32) This model identifies those compounds which prevent seizure spread. Abolition of the hind limb tonic extensor component indicates inhibit MES-induced seizure spread.
33) The MES is a standard procedure that evaluates the ability of testing materials to protect against hind limb extension in MES. Toman and Swinyard reported that the seizure patterns in MES for all laboratory animals and humans are similar except for the time scale. 34) Protection against hind limb extension in the MES predicts the anticonvulsant activity of antiepileptic drugs that prevent the spread of an epileptic seizure from an epileptic focus during seizure activity. Protection against hind limb extension also indicates the ability of the testing material to inhibit or prevent seizure discharge within the brain stem substrate. 35) In the MES test, a-asarone (200 mg/kg) completely abolished the hind limb tonic extension thereby providing 100% seizure protection in mice chronically treated with this fraction. The effect of a-asarone on MES-induced seizures indicates that it may be effective in treating generalized tonic-clonic seizures.
The scPTZ test is a model that primarily identifies compounds that raise seizure threshold. The scPTZ test utilizes a dose of pentylenetetrazol (85 mg/kg in mice). This produces clonic seizures lasting for a period of at least five seconds in 97 percent (CD97) of animals tested. With some minor exceptions, the pharmacological profile of the scPTZ seizure model is consistent with human condition.
36) The absence of clonic spasms in the observed time period indicates a compound's ability to abolish the effect of pentylenetetrazol on seizure threshold. 37) a-Asarone also exhibited a significant delayed onset of clonic-tonic actions and protection from PTZ-induced mortality. This finding for a-asarone may indicate its efficacy for myoclonic seizures.
The LI-PILO models have been rigorously explored as animal models of temporal lobe epilepsy. 38) LI-PILO models qualitatively reproduce in rodents many of the sequelae noted in human populations of temporal lobe epilepsy, including behavioral features [cognitive deficits, SRSs], electroencephalographic (EEG) characteristics, and the pattern of neuroanatomical damage. 39) In the rat, SE can be experimentally evoked by a single systemic injection of lithium chloride followed 18 or 24 h later by a muscarinic agonist. During the days following the induction of SE, a silent period begins and is characterized by normal EEG activity and behavior of the rodent; over the next several weeks, the rodent enters a chronic period characterized both behaviorally and electroencephalographically by the appearance of SRSs. 40) In this study, chronic treatment with a-asarone significantly reduced the incidence of spontaneous recurrent seizures, seizure severity, and seizure frequency. This finding for a-asarone indicates that a-asarone treatment during the silent period did not abort the epileptogenesis but minimized the expression of seizures.
In the present study, chronic administration of a-asarone to mice and rats at doses up to 100 mg/kg/d also did not result in any toxic symptoms. Opposing results were obtained in previous studies where a-asarone was given i.p. to mice or rats in an acute test, and have confirmed the effects of this drug on general behavior such as decreased locomotor activity and potentiation of the pentobarbital-induced sleep time. 17, 30, 31) Therefore, it was confirmed that variations in the route and period of administration are factors that determine the adverse effects of a-asarone. Of course, in view of species and administration schedule differences, further studies are necessary to investigate different aspects of the toxic and nontoxic effects of a-asarone. Whether the anticonvulsant effects of a-asarone are mediated by its sedative effects requires further investigation, although close examination of the behavioral records indicate no major behavioral differences between a-asarone treated and control animals.
In conclusion, a single acute administration of a-asarone produced weak anticonvulsant activity, but daily administration of a-asarone for 4 weeks diminished the convulsion and reduced the number of animals that died as a result of seizure induction. The results of this laboratory animal study indicate that a-asarone possesses multieffective potency and causes changes in brain function after chronic treatment. However, the mechanism by which a-asarone produces these effects is presently unknown and further studies are required to clarify the exact mechanism related to the therapeutic efficacy of a-asarone. The data obtained from our study lend pharmacological credence to the suggested ethnomedical uses of Acorus gramineus in the management of convulsions and epilepsy in China.
